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Reeived:
ABSTRACT
We present a atalogue of new spetral types for hot, luminous stars in the Small
Magellani Cloud. The atalogue ontains 4161 objets, giving an order of magni-
tude inrease in the number of SMC stars with published spetrosopi lassiations.
The targets are primarily B- and A-type stars (2862 and 853 objets respetively),
with 1 Wolf-Rayet, 139 O-type, and 306 FG stars, sampling the main sequene to
∼mid-B. The seletion and lassiation riteria are desribed, and objets of parti-
ular interest are disussed, inluding UV-seleted targets from the Ultraviolet Imag-
ing Telesope (UIT) experiment, Be and B[e℄ stars, `anomalous A supergiants', and
omposite-spetrum systems. We examine the inidene of Balmer-line emission, and
the relationship between Hγ equivalent width and absolute magnitude for BA stars.
Key words: galaxies: Magellani Clouds  stars: early-type  stars: emission-line,
Be  stars: fundamental parameters  stars: Hertzsprung-Russell diagram
1 INTRODUCTION
Sine the seminal study of the solar-neighbourhood stellar
initial mass funtion (IMF) by Salpeter (1955), there have
been numerous observational and theoretial studies of the
IMF in the Galaxy, the Magellani Clouds, and beyond (f.
Gilmore & Howell 1998). One of the prinipal tools used in
the investigation of the IMF is the omparison of observed
Hertzsprung-Russell diagrams (HRDs) with those obtained
from population syntheses built on stellar-evolution models.
The onstrution of observational HRDs for large samples of
roughly equidistant stars is most easily aomplished in the
olourmagnitude plane. However, optial observations only
sample the Rayleigh-Jeans tail of the spetral energy distri-
bution of O- and early B-type stars; thus for these objets
optial photometri olours alone do not provide adequate
disrimination in temperature (nor, therefore, in luminos-
ity) for satisfatory transformation between the observed
and theoretial HRDs.
The Small Magellani Cloud (SMC) is of partiular in-
terest as the nearest system with a well-established, substan-
tial (fator ∼5) underabundane of metalli elements om-
pared to those found in the Milky Way. This makes it an at-
trative target for investigating the role of metalliity in star
formation and evolution, as well as a variety of other topis
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in stellar and galati astrophysis. With this in mind, we
have undertaken a spetrosopi survey of the SMC's hot,
luminous stars, using the multi-bre 2-degree Field (2dF)
instrument of the Anglo-Australian Telesope (AAT), pri-
marily in order to investigate diretly the massive-star IMF.
The basi data of the 2dF spetrosopi survey are pre-
sented in this paper, wherein atalogue entries are identied
by `2dFS' numbers for onveniene. Target seletion, obser-
vations and data redution are desribed in Setion 2, while
the riteria used for spetral and luminosity lassiation
of the sample are disussed in Setions 3 and 4. Some as-
pets of the photometry are disussed in Setions 5 and 6.
Observations of stars of partiular interest are presented in
Setion 7, and atalogue ontents are summarized in Ap-
pendix A. An investigation of the IMF of the SMC, based
in part on the atalogue, will be presented elsewhere.
2 DATA ACQUISITION
2.1 Target seletion: input atalogue
Our initial aim was to use photometry to isolate those tar-
gets for whih spetrosopy was required for aurate plae-
ment in the HRD. The atual targets were then to be drawn
from this input atalogue.
At the start of the projet, the best available soure for
both large-sale photometry and aurate astrometry (es-
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Table 1. 2dF eld entres. The elds were observed in 1998
(September 2528, elds 112) and 1999 (September 30/Oto-
ber 1, elds 1318).
Field Field entre (J2000) Integration
no. α δ time (min)
1 01 21 16.7 −73 14 19 60
2 01 21 16.7 −73 14 19 120
3 00 41 53.2 −73 33 33 150
4 00 41 53.2 −73 33 33 150
5 01 06 32.4 −72 43 58 90
6 01 06 31.1 −73 03 58 120
7 00 48 47.9 −73 03 39 120
8 01 06 31.1 −73 03 58 150
9 01 26 12.1 −73 14 27 120
10 01 06 30.5 −73 13 58 120
11 01 11 25.8 −73 14 05 120
12 00 59 37.3 −73 08 50 90
13 01 00 00.0 −72 40 00 60
14 00 59 00.0 −72 55 00 90
15 01 00 00.0 −72 45 00 90
16 00 44 00.0 −73 24 00 94
17 00 58 00.0 −72 40 00 90
18 01 10 00.0 −72 55 00 86
sential for the 2dF observations) was sans of UK Shmidt
BJ
1
and R photographi survey plates made with the Au-
tomati Plate Measuring (APM) mahine. Field #29 in the
Shmidt survey overs the greater part of the SMC and was
used to ompile the input atalogue of potential targets. The
densest regions (e.g., NGCs 330 and 346) were too rowded
for reliable APM sans and are largely exluded from our
work.
For our investigation of the upper part of the IMF (and
to avoid ontamination by foreground stars) the APM tar-
gets making up the input atalogue for spetrosopy were
restrited to bright blue stars, with uts of (BJ −R) < 0.1
(orresponding, notionally, to O and B spetral types) and
BJ < 17.5. As the survey and analysis progressed, it beame
evident both that additional seletion eets were in play
(most importantly, systemati rejetion of the brightest stars
as `non-stellar'), and that the photographi photometry had
rather larger unertainties than antiipated. These addi-
tional sampling eets will be disussed in our forthoming
analysis of the IMF (and a more detailed disussion of photo-
metry is given in Setion 5), but one onsequene is that the
olour ut-os were not as eetive as expeted in isolating
only the hottest stars. As a result, some relatively red stars
were inluded in the observed 2dF sample, inluding fore-
ground objets. (The expeted surfae density of foreground
blue stars is negligibly small  about 1 per square degree.)
Fortunately, although our 2dF observations were not gen-
erally optimized for radial-veloity measurements, they are
quite suient to disriminate between typial Galati and
SMC veloities (∼+170 km s
−1
). Radial-veloity measure-
ments identied 171 stars, mostly in the spetral range G0
K3, as probable foreground objets. These targets were dis-
arded for the purposes of the spetrosopi atalogue.
1 BJ indiates the use of Eastman Kodak IIIa-J emulsion
(+GG495 lter); BJ ≃ B − 0.28(B − V ) (Blair & Gilmore 1982).
Figure 1. Spatial distribution of the input atalogue (every 5th
star, upper panel, observed elds shown as 2
◦
irles) and the
spetrosopially observed targets (all targets, lower panel).
2.2 2dF observations
The 2dF system is a dual-spetrograph, multi-bre instru-
ment whih allows up to 400 intermediate-dispersion spetra
to be obtained simultaneously aross a two-degree diameter
eld of view (Lewis et al. 2002). We used 2dF to observe
18 overlapping SMC elds over 1998 September 2528 and
on 1999 September 30 & Otober 1 (Table 1). The Moon
was below the horizon for the majority of the observations,
the exeptions being elds 1, 4, 5, 9, and 10 (Moon before
rst quarter) and 18 (barely gibbous moon just risen, ∼100
◦
from the SMC). In a typial observation approximately 30
`sky' bres (∼15 for eah spetrograph) were assigned, to
ensure good denition of the sky signal.
In order to onstrut a spetrosopi atalogue that is
statistially representative of the SMC population of hot,
luminous stars, targets were seleted from the input ata-
logue essentially at random.
2
The main seletion riterion
was, therefore, simply the set of physial onstraints im-
posed in onguring 2dF (e.g., avoidane of too-lose bre
heads, large angular deetions of bres, et.), rather than
any astrophysial harateristis of the stars beyond those
hosen in onstruting the input atalogue. Usable spetra
were obtained for ∼15% of the input atalogue, with a rea-
sonably representative spatial sampling (Figure 1).
We used gratings ruled at 1200 lines/mm, whih gave
overage of the ∼39004800Å region (Hβ is inluded in
about half the spetra) at a resolution of ∼2.75Å (FWHM of
ar lines; R ≃ 1500), whih orresponds to 2.5 pixels on the
detetors. Individual exposures were normally 1800s, and
the median ontinuum signal-to-noise in the region λλ4395
4460 is ∼45, ranging ∼20150.
Two 2dF datasets were obtained in addition to this main
spetrosopi sample. First, usable red (Hα) spetra were
2
In 1999, some eort was made to redress systemati under-
representation of bright stars in the 1998 run.
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obtained for 1091 targets from the main sample during the
1999 run (September 28 & 29), again using gratings with
1200 lines/mm (R ≃ 2500).
Seondly, in 2001 September, when onduting the
programme of observations of SMC binaries desribed by
Harries, Hildith & Howarth (2003), we were able to allo-
ate `spare' bres to targets of interest, with essentially the
same instrumental setup as in 1999. We hose to observe
UV-seleted targets from the UIT atalogue (Cornett et al.
1997; Parker et al. 1998) beause of their potential interest
as an important omponent of the hot-star population of
the SMC. Beause of the dierent seletion riteria applied,
the 107 targets so observed are separately numbered in the
atalogue: 2dFS#50015107.
2.3 2dF data redution
The bulk of the data redution was performed using the
2dfdr software (Lewis et al. 2002). The main steps inlude
bias subtration, extration of the spetra from the CCD
image, optional division by a normalized at-eld, wave-
length alibration, alibration of the bre throughputs, and
subtration of the saled median sky spetrum. The soft-
ware was still undergoing ative development at the time
of our redutions, and had been most extensively tested on
datasets quite dierent to ours (namely, the 2dF quasar and
galaxy survey data), so that a number of manual heks and
interventions were neessary.
2.3.1 Flat-elding
At the time of the redutions at-elding in 2dfdr was sub-
optimal, beause any exure in the spetrographs led to the
extration of dierent at-eld pixels ompared to those
used in the objet frame. Given the reasonable osmeti
quality of the detetors (and our familiarity with `known'
instrumental features) we eleted not to at-eld our spe-
tra.
2.3.2 Throughput alibration
Depending on the onguration, the throughput of individ-
ual bres is known to vary at the ∼10% level (separately to
the issue of targets being well entred on the bre), proba-
bly beause of diering stresses within the bres. Aurate
throughputs are neessary for reliable subtration of the sky
signal (whih is saled from sky-only bres by the relative
bre transmission fators).
At the time of our observations, the normal method
of obtaining the relative throughputs was to take oset-sky
exposures in dithered triplets (to minimize ontamination
from astrophysial soures) for eah bre setup. Observatory
reommendations for oset-sky integrations in 1998 (300s)
yielded rather low signal-to-noise for our setup, so longer ex-
posures were used in 1999 (450s), notwithstanding the larger
overheads, together with twilight throughput frames. Twi-
light frames were aquired in 1998 for only two elds (of
ourse, only the rst and last ongurations eah night an
use these ats for throughputs), the onventional wisdom at
that time (when 2dF observing proedures were still under
development) being that the sky brightness varied signi-
antly aross the 2
◦
eld of 2dF.
We found the twilight frames to be entirely onsistent
with the oset (dark) skies, with muh better signal to noise
ratio. This onlusion is retrospetively supported by the
observations of Chromey & Hasselbaher (1996), who mea-
sured the relative brightness gradient of the twilight sky as
a funtion of angle from the horizon point nearest the Sun.
The 2dF twilight frames were taken with a maximum zenith
distane of 30
◦
, i.e. the angle between the solar horizon and
the observed region of twilight sky is between 60 and 120
◦
. In
this range Chromey & Hasselbaher found that the largest
observed relative gradient is ±2% per degree of sky, whih
is negligible for our sky-orretion purposes.
2.3.3 Final spetra
In a number of ases we have repeat observations of a given
target (usually to build up signal-to-noise). The 2dfdr al-
gorithm for ombining spetra from separate exposures re-
sulted in nonsensial results in some ases (e.g., negative
uxes from the sum of positive uxes). 2dfdr has sine
undergone development to remove some of these problems,
but we simply summed the net signals, while looking for
(and rejeting) disrepant points; this proved partiularly
eetive at removing osmi-ray signatures.
One ombined, the spetra were roughly retied us-
ing a sript that ts a polynomial to predened ontinuum
regions and then divides the spetrum through by the t.
This automated retiation gives signiant time savings
and still allows aurate spetral lassiation. Final man-
ual retiations were onduted as neessary.
2.4 Long-slit observations
A limited number of supplementary observations of 2dF tar-
gets were obtained in onventional long-slit mode, using the
Royal Greenwih Observatory (RGO) Spetrograph at the
AAT in July 2001. Ruled 1200/mm gratings were used to ob-
tain blue (∼37005500Å) and red (∼52507050Å) spetra.
The mean resolution element, as dened by the omparison
ars, was 1.6Å FWHM, equivalent to 3.7 pixels. Standard
`optimal' extrations were performed on these spetra, whih
generally have ontinuum S/N ratios of ∼100 or better.
The purpose of these observations was not only to ob-
tain repeat spetra of seleted stars of interest, but also to
provide a hek on the 2dF data harateristis. This was
onsidered important in view of the limited experiene of
observing `bright', absorption-line objets with 2dF at the
time of our observations, and beause the spetra were ex-
trated with development versions of 2dfdr. As disussed in
Setion 6.2.2, the long-slit observations dislose no obvious
problems with the bre spetra.
3 SPECTRAL CLASSIFICATION
The 2dF spetra (whih onsist primarily of B- and A-type
stars, with a minority of O-, F-, and G-types) were lassied
primarily by visual inspetion, guided by the temperature-
sequene lassiation riteria summarized in Table 2.
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Table 2. Primary temperature-sequene lassiation riteria ap-
plied to the 2dF sample (see Setion 3 for referenes). Only some
O subtypes are given here, others being interpolated.
Type Criteria
O6 He II λ4200 ∼ He I + II λ4026
O7 He II λ4541 ∼ He I λ4471
O8.5 He II λ4541 ∼ He I λ4387
O9 He II λ4200 ∼ He I λ4143
B0 He II λλ4686, 4541 present, λ4200 weak
B0.5 He II λλ4200, 4541 absent, λ4686 weak
B1 He II λ4686 absent, Si IV λλ4088, 4116 present
B1.5 Si IV λ4116 absent, Si IV λ4088 < O II
B2 Si IV, Si II absent, Si III λ4553 > Mg II λ4481
B2.5 Si III λ4553 ∼ Mg II λ4481
B3 Si III λ4553 < Mg II λ4481
B5 Si III absent, Si II λ4128/4132 < He I λ4121
B8 He I λ4121 < Si II < He I λ4143
Mg II λ4481 ≤ He I λ4471
B9 Mg II λ4481 > He I λ4471
Fe II λ4233 < Si II λ4128/4132
A0 Ca K/(Hǫ + Ca H) < 0.33
A2 0.33 < Ca K/(Hǫ + Ca H) < 0.53
A3 0.53 < Ca K/(Hǫ + Ca H) < 0.75
A5 0.75 < Ca K/(Hǫ + Ca H) < 0.85
A7 0.85 < Ca K/(Hǫ + Ca H) < 0.95
F0 Ca K/(Hǫ + Ca H) ∼1
F5 Clear presene of CH G-band
F8 G-band/Hγ = 0.50.75
G0 G-band/Hγ = 0.750.9
G2 G-band ∼ Hγ; Hγ > Fe I λ4325
G5 Hγ ∼ Fe I λ4325
G8 Hγ < Fe I λ4325
3.1 O-type spetra
Digital spetra are widely available for O-type stars, and the
prinipal referene we used for the O stars observed with
the 2dF was Walborn & Fitzpatrik (1990). The primary
lassiation riteria are the ratios of He I to He II, so the
spetral types are largely unaeted by metalliity eets.
Luminosity lasses were assigned using the preepts given by
Walborn & Fitzpatrik (1990), with referene to the SMC
spetra shown in Walborn et al. (2000). Examples of 2dF
O-dwarf spetra are shown in Figure 2.
3.2 B-type spetra
3.2.1 Temperature sequene
For the B-type stars the prinipal referene we adopted was
Lennon's (1997) study of SMC B-type supergiants; the pri-
mary lassiation riteria used here are inluded in Table 2,
and, exepting the very earliest subtypes, use metal lines.
The overall strength of the metalli lines in B-type spe-
tra is related to the luminosity: the more luminous the star,
the stronger the lines (e.g., Walborn & Fitzpatrik 1990).
The majority of the 2dF targets are substantially less lumi-
nous than those in Lennon's sample; thus the metal lines
in the 2dF B-star spetra are weak both beause of the
redued metalliity of the SMC, and also beause of their
relatively low luminosity. As a onsequene, while some of
the 2dF spetra an be preisely lassied following Lennon's
sheme, the large majority require oarser lassiation bins,
even where the data quality is moderately good.
By way of illustration, onsider a mid-B giant where the
Si III λ4553 line is undetetable. This may be beause it is
B5 or later, or beause it is slightly hotter (e.g., B3) but, due
to luminosity eets, the Si III line is weak and in the noise.
These problems mainly arise in the B1B5 range, where the
primary riteria involve the ratios of Mg II λ4481 and Si III.
Inspetion of Lennon's data also reveals that the O II λ4415
17, 4640-50 and N II λ4631 features are undetetable at B3
and later; when observed, these features therefore allow the
spetral type to be more losely braketed, to B1B3.
In Lennon's sheme, type B1 is haraterized by weak
or absent He II λ4686; however, the 2dF spetra are at lower
resolution than his data (∼2.53 vs 1.2Å), and poorer signal-
to-noise. The framework adopted here uses the intermediate
B0.5 type for those stars where He II λλ4200, 4541 are absent
and weak λ4686 is seen.
Examples of preisely lassied 2dF B-type spetra are
shown in Figure 3; further examples, where preise lassi-
ation was not possible (even at fairly good S/N), are shown
in Figure 4. The spetrum of 2dFS#2195 is inluded in Fig-
ure 4 as an example of the low signal-to-noise 2dF data; the
star is learly of early-B type (given the absene of strong
He II lines and the strength of the He I lines), but annot be
more aurately lassied. A similar lassiation is applied
to the spetrum of 2dFS#1492, even though the data are of
substantially better quality. It is not possible to be ondent
that the weak He II lines seen in, e.g., 2dFS#0482 are absent
in #1492, and the metal lines neessary for unique lassi-
ation in the early B-stars are not seen (as in 2dFS#1931).
Many of the B-type spetra display emission in one or
more of the Balmer lines (see Setion 7.1). Where double-
peaked or resolved Balmer emission is evident, an `e' quali-
er is adopted (see Setion 7.2).
3.2.2 Luminosity lassiation
In priniple, luminosity-lass assignments an be made using
ombinations of features, as for Galati stars, modied to
aount for the systemati dierenes in metal-line strengths
(e.g., Walborn 1977). We attempted to lassify the B-type
stars in our sample using this approah, but were handi-
apped by the generally inadequate signal-to-noise of our
data. We were therefore fored to fall bak on the use of the
Balmer lines alone, and partiularly Hγ. Notwithstanding
potential pitfalls (f. Jashek & Jashek 1990), this provides
the simplest riterion for luminosity lassiation of B (and
A) stars.
We measured the Hγ equivalent widths, Wλ, in the
entire 2dF sample `by hand', and by using an automated
gaussian-tting proedure. In addition to Wλ, the gaussian
ts yield the atual line width, haraterized by full width
at half depth. Exepting a small minority of pathologial
ases (e.g., stars with strong line-ore emission, where the
automated ts give errati results), all three measures lead
to essentially idential onlusions in respet of lassia-
tions; in partiular, the automated and `by hand' equivalent
widths are in exellent agreement. For reasons of objetiv-
ity and reproduibility, we generally utilize the gaussian-t
equivalent widths.
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Figure 2. 2dF SMC spetra  I: O-dwarf spetral sequene. Stars are identied by 2dFS atalogue number. The luminosity lass for
the B0 star is assigned using the hybrid sheme desribed in Setion 3.2.2. The spetral lines identied in 2dFS#0171 are, from left to
right by speies, He I λλ4026, 4143, 4388, 4471; He II λλ4200, 4541, 4686. The Balmer lines Hǫ λ3970, Hδ λ4101 and Hγ λ4340 are
not expliitly identied. Note the weak N III λ4634-40-42 emission and strong He II λ4686 absorption in 2dFS#1971, giving rise to the
`((f))' sux. Suessive spetra are vertially oset by 0.75 ontinuum units.
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Figure 3. 2dF SMC spetra  II: B spetral sequene. Stars are identied by 2dFS atalogue number. The parenthesised luminosity
lasses indiate their origin in the hybrid sheme desribed in Setion 3.2.2. The spetral lines identied in 2dFS#1685 are, from left
to right, Ca II λ3933 (Ca K), He I λλ4026, 4471 and Mg II λ4481. The silion feature identied in #3329 is Si II λ4128/4132 and the
additional lines in #1271 are He I λλ4121, 4143 and Si III λλ4553, 4568. Suessive spetra are vertially oset by 0.75 ontinuum units.
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Figure 4. 2dF SMC spetra  III: Exampes of B-type spetra without preise lassiations; f. Setion 3.2.1 for details. Stars are
identied by 2dFS atalogue number. The parenthesised luminosity lasses indiate their origin in the hybrid sheme desribed in
Setion 3.2.2. The wavelengths of the identied lines are given in Figs. 2 and 3 with the addition of He I λ4009 in 2dFS#3354 and the
O II λ431719 and 4650 blends in #1608. Suessive spetra are vertially oset by 0.75 ontinuum units.
Ideally, our luminosity-lass assignments should be
based exlusively on spetral morphology. Unfortunately,
the spread in Hγ equivalent width is fairly large at given B
magnitude (as disussed further in Setion 6); equivalently,
the range in M(B) at given Wλ is onsiderable. Thus our
Wλ data, whih are not partiularly aurate beause of the
limited signal-to-noise ratio in the spetra, are of rather lim-
ited utility in prediting absolute magnitude and, by infer-
ene, luminosity lass, partiularly at early-B types, where
stars with the same Wλ are found at all luminosity lasses
(f. Fig 10; B0 V and B0 I stars dier in Wλ by only ∼2Å,
omparable with the spread in the measurements). Faed
with this diulty, and after onsiderable experimentation,
we relutantly abandoned the prinipled position of luminos-
ity lassiation based solely on morphology in favour of a
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Figure 5. 2dF SMC spetra  IV: Exampes of A-type spetra. Stars are identied by 2dFS atalogue number. The luminosity lass for
the A0 star is assigned using the hybrid sheme desribed in Setion 3.2.2. Suessive spetra are vertially oset by one ontinuum unit.
more pragmati approah inorporating absolute-magnitude
information.
The (ad ho) formulation we adopted is that the bound-
aries between luminosity lasses are dened by loi of on-
stant B + 0.3Wλ, as listed in Table 3. To dene the bound-
aries, we adopted the relationship between M(V ) and lumi-
nosity lass given by Humphreys & MElroy (1984), aug-
mented by Shmidt-Kaler (1982) as neessary, and on-
verted to B by adopting (B − V )0 olours from Fitzgerald
(1970) and an apparent distane modulus of 19.2, from
Harries et al. (2003). The equivalent width orresponding
to eah B magnitude was then determined diretly from the
data (f. Setion 6).
Clearly, the resulting `luminosity lasses' are not true,
MK-proess, morphologial types, and to make this lear
the luminosity-lass assignments derived through the hybrid
photometri/spetrosopi approah are given in parenthe-
ses in the atalogue, and throughout this paper. Nonetheless,
the hybrid lassiations do appear to be broadly onsistent
with results from other soures (Setion 4.1), although for
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Table 3. B-star luminosity-lass riteria: boundary values of the
parameter B+0.3Wλ (f. Setion 3.2.2). Parentheses are used to
indiate that these are not true morphologial luminosity lasses,
but are based on both spetrosopi and photometri riteria.
Sp. Luminosity Class
Type (Ia) (Iab) (Ib) (II) (III) (IV) (V)
B0 12.27 12.92 13.35 13.96 14.80 15.57
B0.5 12.30 12.95 13.82 14.43 14.82 15.60
B1 12.34 13.12 14.00 14.92 15.76 16.47
B1.5 12.09 13.14 14.09 15.27 16.35 17.07
B2 12.10 13.15 14.23 15.54 16.63 17.41
B2.5 12.16 13.20 14.28 15.73 16.81 17.72
B3 12.48 13.39 14.40 16.18 17.72 18.63
B5 12.71 13.49 14.69 16.99 18.86 19.51
B8 13.11 13.88 15.26 18.19 20.54 21.18
B9 13.22 14.37 15.96 18.91 21.37 21.90
A0 13.37 14.60 16.86 20.10 22.16 22.76
spetra where Hγ is lled in by emission our assigned lumi-
nosity lasses are liable to be too bright. For stars of par-
tiular interest, investigators should therefore refer to the
notes on Balmer emission that we provide for every star
(Setion 7.1; Appendix A).
3.3 A-type stars
3.3.1 Temperature sequene
The A-type stars were lassied on the basis of the Ca K/Hǫ
line ratio, as disussed by Evans & Howarth (2003). Reliane
on the alium line ratios is not without its problems (see
disussion in Evans & Howarth), but it is quik to apply and
does not rely on weak metal lines. The lassiation riteria
from Evans & Howarth are inluded in Table 2. Figure 5
illustrates a spetral sequene, and Setion 7.4 disusses a
handful of peuliar A stars.
3.3.2 Luminosity lassiation
Evans & Howarth (2003) desribe observations of a num-
ber of Galati BAF stars aquired for omparison and
alibration purposes. We have supplemented those obser-
vations with some new data, giving a total of 46 A-type
stars (Table 4). We measured Hγ in these Galati stan-
dards in the same way as in our 2dF sample, in order to
alibrate line strength and luminosity lass as a funtion of
spetral subtype. All the available data are onsistent with
the simple luminosity-lassequivalent-width sheme sum-
marized in Table 5, whih is independent of A spetral sub-
type for the observed Galati standards.
The adopted luminosity-lass bins are broadly onsis-
tent with the alibrations given by Balona & Crampton
(1974) and Azzopardi (1987), exept that Azzopardi's equiv-
alent widths are 12Å (∼3050%) larger than ours for late-
A supergiants. This disrepany appears to arise beause
Azzopardi's (mainly interpolated) late-A values are inu-
ened by Hγ equivalent widths for F-type stars that are
larger than we nd (Setion 6.1). Although late-A, bright
supergiants are not well represented in either sample, our
dataset is more extensive, and of better quality, than his.
Table 4. Galati A-type stars observed for alibration purposes.
Most of these are disussed by Evans & Howarth (2003); new
stars are identied by lower-ase spetral-type soures.
HD Spetral Soure HD Spetral Soure
type type
1404 A2 V GG7 175687 A0 II 69
1457 A9 IbII g01 186177 A5 II g01
3283 A3 II GG9 187983 A1 Iab M55
3940 A1 Ia M55 192514 A3 III S54
8538 A5 V M53 195324 A1 Ib C69
10845 A8 III GG9 196379 A9 II M73
12216 A1 V S54 197345 A2 Ia M73
12279 A0 V GG7 197489 A5 II g01
12953 A1 Ia M55 201935 A5 II g01
13041 A4 V GG9 202240 A8 II g01
13476 A3 Iab M55 203280 A7 IVV M53
14433 A1 Ia m55 205835 A5 V GG9
14489 A2 Ia M55 207260 A2 Ia M55
14535 A2 Ia p: m55 207673 A2 Ib M55
15316 A3 Iab M55 210221 A3 Ib M55
17378 A5 Ia M55 211868 A5 IbII g01
148743 A7 Ib G01 212511 A3 II g01
161695 A0 Ib C69 213558 A2 V S54
164514 A5 Ia m55 213973 A9 III A81
165784 A2 Ia m55 216701 A7 IV GG9
167356 A0 Ia m55 220770 A5 Ib m55
172167 A0 V M73 222275 A5 III A85
173880 A3 V GG9 223385 A3 Ia M55
Soures of spetral types are (in order of preferene): M73,
Morgan & Keenan (1973); M43, Morgan et al. (1943); M55,
Morgan et al. (1955); M53, Morgan et al. (1953); M50,
Morgan & Roman (1950); S54, Slettebak (1954); GG7,
Gray & Garrison (1987); GG9, Gray & Garrison (1989);
A81, Abt (1981); A85, Abt (1985); G01, Gray et al. (2001); C69,
Cowley et al. (1969).
Table 5. Adopted luminosity-lass riteria: luminosity lass for
A2A7 stars as a funtion of Hγ equivalent width, in Å (f. Se-
tion 3.3.2).
Ia Iab Ib II III
< 3 34 45 510 1015
In our SMC dataset, the Hγ equivalent widths at given
B magnitude are smaller for A0 stars than for later A
types. We applied the Galati alibration to A2A7 sub-
types (thereby assigning supergiant luminosity lasses to
some rather faint stars  see Fig. 11), while treating A0
stars in the same way as B-type stars (Table 3).
3.4 Later types
The remaining `late'-type spetra with radial veloities on-
sistent with SMC membership were lassied using the rite-
ria listed by Evans & Howarth (2003). Briey, F- and G-type
spetra are haraterized by inreasing metal-line strength
as the temperature dereases; for ompleteness, the riteria
are inluded here in Table 2. A spetral sequene is shown
in Figure 6.
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Figure 6. 2dF SMC spetra  V: F- and G-star spetral sequene. Stars are identied by 2dFS atalogue number. The spetral lines
identied in 2dFS#0490 are Ca K (λ3933), the Ca H (λ3969) & Hǫ blend, Ca I λ4226, the CH G-band (around λ4300), Fe I λλ4325,
4383, and Hγ. Suessive spetra are vertially oset by one ontinuum unit.
Sine our work is primarily onerned with the OBA
domain, we have not explored luminosity-lass diagnostis
in later-type stars in the sample, though from their physi-
al luminosities these objets are expeted to be luminosity
lasses IbII for the most part.
4 CLASSIFICATION CHECKS
4.1 Comparison with other soures
Nine of the stars in the 2dF sample were observed by Lennon
(1997). Lennon's are high-quality lassiations, and pro-
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Table 6. Comparisons of 2dF spetral types with those by
Lennon (1997, rst nine entries) and Massey et al. (1995). Paren-
thesised 2dF luminosity lasses were assigned using the hybrid
sheme desribed in Setion 3.2.2.
2dFS # AzV # 2dF Other
0577 10 B2.5 (Iab) B2.5 Ia
0801 96 B1.5 (Iab) B1.5 Ia
1352 215 B0 (Ib) BN0 Ia
1550 268 B2 (Ib) B2.5 Iab
2174 404 B2.5 (Iab) B2.5 Iab
2538 445 B5 (Iab) B5 Iab
2773 462 B2 (Iab) B1.5 Ia
2907 472 B2 (Iab) B2 Ia
3235 490 O9.7 Ia+ O9.5 II
0668 28 B1-2 (II) B1 I
0764 73 B0 (III) O8.5 V
0786 84 B0.5 (IV) B1 V
0836 114 O8 V O7.5 V
1271 196 B1 (II) B0.5 III
1324 209 B0.5 (IV) B1 V
1357 217 B1-3 (II) B1 III
1527 261 B2 (Ib)e O8.5 I
1545 266 B1 (Iab) B1 III
1550 268 B2 (Ib) B2.5 V
1654 302 O9 III O8.5 V
1741 326 B0 (IV) O9 V
1759 328 B0 (III) B0 V
1766 334 O9.5 III O8.5 V
1858 346 B1-5 (II) B2 V
1879 351 B1-2 (Ib)e B0 V
1904 354 B1-3 (II) B1.5 V
1972 376 B1-2 (Iab) Be
2033 386 B1-2 (II) B1.5 V
2102 395 B3 (II)e B1 III
2139 402 O9.7 Iab Be
2201 409 B0.5 (Ib) Be
2319 423 B0 (II) O9.5 V
2413 436 B0 (II)e O7.5 Ve
2717 456 O9.5 Ib O9.5 V
2720 457 B1-3 (II)e Be
2905 471 B0 (III) B0.5 V
3047 480 O4-7 Ve Oe
3249 491 B1-3 (III) O7 III:
3530 503 B0-5 (II)e Be
vide an external hek on the urrent work. Table 6 shows
the 2dF types ompared to Lennon's lassiations. With
the exeption of AzV 490, both the spetral and luminos-
ity types agree to within one subtype; the dierenes for
AzV 490 are astrophysial (Setion 7.7.3).
Table 6 also ompares the 2dF spetral types with those
given by Massey et al. (1995) for 30 stars in ommon. The
dierenes in spetral types are again generally not larger
than one subtype, exeptions being AzV 261, 436 and 491,
where our types are signiantly later. Re-examining the
2dF spetra of these stars (Fig. 7), we ould not justify re-
vising our results. Neither AzV 261 nor 491 shows He II in
our data, and, while the two 2dF spetra of AzV 436 at
our disposal have low signal-to-noise, He I λ4144 appears
stronger than He II λ4200 in both, implying a type later
than O9.
Massey (2002) presents a ompilation of spetral lassi-
ations for 436 stars, drawn from a variety of soures (but
omitting Lennon's work); of these, 230 have slit spetra, the
remainder being objetive-prism results. We have 2dF las-
siations for 158 stars from the full listing; omparison with
the long-slit types shows agreement to within, normally, 12
subtypes. There are two notable exeptions, namely AzV 133
and 336 (2dFS#5060 and 1776). Garmany et al. (1987) las-
sied AzV 133 as B0n+O8: with the omment that broad,
possibly double lines of the Balmer series were seen; in the
2dF data (Fig. 7) the Balmer lines appear unremarkable,
and we lassify the spetrum as O6.5 V((f)). Massey (2002)
gives the spetral type for AzV 336 as WN2+abs (f. B2 (III)
from the 2dF spetrum); the WN star is atually the sepa-
rate objet AzV 336A (see Massey & Duy 2001).
4.2 Multiple Observations
Fifty targets were observed with 2dF in both 1998 and 1999.
These spetra were lassied entirely independently, and test
the internal onsisteny of the lassiations. In all instanes
the spetral types from the two seasons agree to within one
spetral subtype at the appropriate lassiation resolution.
The quality of the data is suh that small dierenes are not
unexpeted, espeially in ases where the line ratios are near
the edges of the lassiation bins.
The long-slit spetra from 2001 provide a further on-
sisteny hek. The spetral types again agree with the 2dF
results to within one spetral subtype.
Overall, therefore, we believe that, notwithstanding the
limitations of our data, in general our lassiations are
onsistent to within a spetral subtype at the (sometimes
oarse) lassiation bins adopted.
5 PHOTOMETRY AND ASTROMETRY
Initial onstrution of the 2dF input atalogue was nees-
sarily performed using APM photographi photometry for
olourmagnitude seletion. Subsequently, three important
atalogues of CCD-based photometry of stars in the SMC
have been published: OGLE (Udalski et al. 1998), MCPS
(Zaritsky et al. 2002) and Massey (2002). We have used
these atalogues to rene and extend photometry for our
targets, and to haraterize the input material.
We sought positional mathes between the 2dF ata-
logue and the photometri atalogues, initially by oini-
dene within a irle of radius 3
′′
. We then adjusted the
atalogue o-ordinates by the (subarseond) median osets
in RA and delination, and then sequentially redued the
adopted `math' radius while further adjusting the oset as
neessary. (Using the median rather than the mean oset en-
sured that this proess onverged in zero or one iteration.)
This omparison is limited to the main atalogue of 4054
2dF targets, as we have inomplete APM data for the sup-
plementary UIT targets, for whih OGLE astrometry was
used for spetrograph onguration (f. Harries et al. 2003).
5.1 OGLE
The nal adopted `oinidene' radius was 1.2
′′
, generat-
ing 1395 mathes, plus a further 290 dupliates (p. 1461,
9108 at 5
′′
). The dupliates were resolved by seleting the
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Figure 7. 2dF spetra for previously lassied stars in the AzV atalogue (see Setion 4.1 for details). Spetra are oset by 0.5 ontinuum
units.
OGLE star losest in B magnitude to APM BJ (after apply-
ing the small zero-point orretion to BJ disussed below).
This proved very eetive; spot heks of a few dozen du-
pliates showed that in every ase there was one `obvious'
andidate (invariably the brightest OGLE star in the oin-
idene radius).
5.2 MCPS
The same proedures were adopted for the MCPS, with a
1.2
′′
searh radius yielding 3231 mathes plus 67 dupliates,
again resolved by magnitude mathing. (Inreasing to 5
′′
adds a further 158 mathes and 5797 dupliates.) This in-
ludes 15 stars where Massey photometry has been adopted
for the MCPS (see Zaritsky et al. 2002).
5.3 Massey
Massey's survey was aimed at obtaining photometry for
the brighter MC stars in partiular. It has, aordingly, a
brighter magnitude limit, allowing a larger plate sale than
the other CCD-based surveys (2.3
′′
/pixel vs. ∼ 0.7′′/pixel).
Nonetheless, Massey's astrometry is suiently good that
a 1.5
′′
oinidene radius proved satisfatory, yielding 3115
mathes, plus 47 dupliates (p. 3211, 90 at 5
′′
).
We found that all the dupliates appear to be double
entries in Massey's atalogue; we simply adopted results
for the rst entry. Further examination of this atalogue
shows 4379 ases where two or more entries are spatially
oinident to within 2.3
′′
(3503 pairs with ∆B < 0.2, 2694
with ∆B < 0.1); 250 (183, 111) ases where three entries
math; and 20 (13, 8) where 4 entries math. The mean B-
band photometri oset for these oinidenes is 0.00±0.27
m
(0.00± 0.08m, 0.00± 0.05m), and the mean positional oset
is 1.17± 0.61′′ (1.07± 0.56′′, 1.03± 0.55′′ ; all quoted errors
are standard deviations), suggesting that ∼5% of objets in
the atalogue may be the result of spurious multiple entries.
5.4 Adopted results
5.4.1 Astrometry
We onlude that the astrometry for all the datasets on-
sidered is internally onsistent to better than 0.5
′′
rms. The
osets between the APM astrometry and that from the pho-
tometri atalogues average ∆α ≃ +0.4′′, ∆δ < 0.1′′, APM
minus other.
3
For referene, the APM sampling interval 
3
The APM system urrently available on-line has been trans-
formed to the Tyho-2 system
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Figure 8. Comparisons of photometri results for stars in the 2dF survey, from APM, Massey, MCPS and OGLE (labelled A, M, Z and
O, respetively, in this gure, with the x axis dataset listed rst).
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Figure 9. Comparison of input APM BJ photometry and
adopted B photometry.
`pixel size'  is 0.5
′′
, and the 2dF bres projet to 2
′′
di-
ameter. We adopt the APM astrometry for the main 2dF
atalogue.
5.4.2 Photometry
A omparison of photometri results for the stars in the
spetrosopi survey is shown in Fig. 8. The distribution
of APM photometri residuals is highly asymmetri for all
referene atalogues, with an extended tail where the APM
magnitudes are brighter than the omparison atalogue val-
ues. This asymmetry renders the arithmeti mean oset a
statisti of limited utility; even the median is skewed by the
moderately large fration of these large residuals. The mode
therefore gives the most meaningful average measure of the
osets for the APM photometry.
We made a small (O[0.1m]) zero-point adjustment to
the original BJ photometry to bring the modal oset from
MCPS B to zero (olour terms being negligible). After this
orretion, the modal oset for OGLE is −0.03m (APM
fainter), and for Massey −0.13m. For mathes within the
2dF sample, we also nd median osets MCPS−OGLE
= +0.02
m
(1265 stars, exluding those for whih Massey
photometry is substituted in the MCPS), MCPS−Massey
= +0.13
m
(2396), and OGLE−Massey = +0.15
m
(1137).
On the basis of these omparisons, we onlude that the
APM B magnitudes have a zero-point unertainty of order
0.1m. Charaterizing the (large) statistial unertainty in
the APM photometry in a useful way is ompliated by the
asymmetri nature of the distribution of magnitude dier-
enes. As an indiator, we nd that 68% of mathes have B-
magnitude osets in the range ∼+0.6
m
/−0.4
m
of the mode.
The OGLE and MCPS results are in good mutual
agreement, with Massey's results ∼0.1
m
brighter than
OGLE/MCPS for this sample. (All three datasets are tied
to Landolt (1992) standards.) Massey (2002) notes essen-
tially the same oset in a omparison with traditional pho-
toeletri photometry. For our present purposes, very preise
photometry is not required, but for speiity (e.g., for dia-
grams), we generally adopted results from the multi-epoh,
high-redundany MCPS or OGLE surveys for preferene
(taking the better math to BJ where neessary, to minimise
mismathes). The adopted main-atalogue photometry has
2513 values from MCPS, 747 from OGLE, 646 from Massey,
and 147 from APM. The UIT-target photometry omes from
MCPS and OGLE (97 and 10 stars, respetively). The om-
plete list of ross-mathes with photometri atalogues is
given in Table A1 (Appendix A), available in full on-line,
and a omparison of APM BJ magnitudes with adopted B
magnitudes is made in Fig. 9.
6 THE RELATIONSHIP BETWEEN Hγ AND
ABSOLUTE MAGNITUDE
6.1 Overview
Figures 10 and 11 show the relationship between Hγ equiv-
alent widths, Wλ, and adopted B magnitudes, as a fun-
tion of spetral subtype. As expeted, there is a lear gen-
eral trend of inreasing Wλ with dereasing brightness, with
∂Wλ/∂B ≃ +1Å/
m
(for all BA subtypes, B ≃ 13.517.5).
At B ∼ 14.5, line strength inreases slowly through the B
spetral sequene, from ∼ 2.5Å at B0B3 to ∼ 4.5Å at B9;
Wλ ≃ 78Å for all A subtypes, exepting the transitional
subtype A0, where Wλ ≃ 6Å (with onsiderable satter),
and A7, where there is a suggestion that Wλ starts to fall
o. These results are in general agreement with previous
work (Huthings 1966; Balona & Crampton 1974; Azzopardi
1987), though based on better-sampled, higher-quality ma-
terial. The exeption to this generalization is thatWλ begins
to deline at A7/F0 in our data, whereas Azzopardi (1987)
nds monotonially inreasing Wλ from early B through
early F subtypes, with Wλ ≃ 8Å at F0 Ib (at B ≃ 15).
The insensitivity of Wλ to A spetral subtype, through-
out the magnitude range we sample, provides justiation
for the subtype-independent luminosity lassiation sheme
adopted in Setion 3.3.2 (although Hγ equivalent widths
are more strongly subtype dependent at fainter luminosity
lasses).
6.2 The dispersion
There is signiant satter in the equivalent widths at a
given subtype and magnitude. Observational errors ould
ontribute to this satter in several ways, inluding pho-
tometri errors, equivalent-width errors, and lassiation
errors.
6.2.1 Photometri errors?
Although the formal photometri unertainties in the CCD
data are generally negligible ompared with the observed
dispersion, arbitrarily large errors an be introdued if the
photometri atalogue star is mismathed with the spetro-
sopi atalogue entry. As we have shown, the APM photo-
metry is also subjet to relatively large unertainties. To
investigate these issues we examined the residual datasets
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Figure 10. Hγ equivalent width as a funtion of B magnitude for B stars in the 2dF spetrosopi atalogue. Only stars with `preise'
lassiations (unertainty ±1 subtype) are shown. The diagonal lines of onstant (B −Wλ) (running lower left to upper right) are
intended solely to provide a point of referene for the reader, and have no physial signiane; the lines of onstant (B + 0.3Wλ) show
the adopted boundaries between supergiants (luminosity lass Ib and brighter), giants (II and III), and main-sequene (IV and V) stars.
The open irles show stars for whih we have only APM photometry, or for whih the CCD results dier by more than 1
m
from APM
measurements (f. Setion 6.2.1). The brightest B8 star shown (just outside the main data frame) is AzV 72, whih has previously been
noted as a member of the lass of SMC supergiants supposedly having anomalously strong hydrogen lines. It appears unexeptional in
our dataset (f. Setion 7.5).
© 0000 RAS, MNRAS 000, 000000
16 C. J. Evans, I. D. Howarth et al.
Figure 11. Hγ equivalent width as a funtion of B magnitude for A stars in the 2dF spetrosopi atalogue. Only stars with `preise'
lassiations (unertainty ±1 subtype) are shown. The diagonal dotted lines of onstant (B −Wλ) are intended solely to provide a
point of referene for the reader, and have no physial signiane. The open irles show stars for whih we have only APM photometry,
or for whih the CCD results dier by more than 1
m
from APM measurements (f. Setion 6.2.1). The brightest A0 star shown (just
outside the main data frame) is Sk 1, whih has previously been noted as a member of the lass of SMC supergiants supposedly having
anomalously strong hydrogen lines. It appears unexeptional in our dataset (f. Setion 7.5).
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after exlusion of data for whih the CCD results dier from
the APM photometry by 1
m
or more (thereby reduing the
probability of ross-atalogue mismathes), or for whih we
have only APM photometry. Exluding these arguably ques-
tionable data redues the satter slightly, but the dispersion
is large even for the remaining CCD results (Figs. 10 and 11).
6.2.2 Equivalent-width errors?
Beause the sky bakgrounds in the 2dF spetra are not de-
termined diretly, but are saled from separate sky bres,
the auray of bakground subtration (and hene equiva-
lent widths) is a soure of onern. In pratie, the ontin-
uum sky bakground (typially, equivalent to a ∼20
m
star
at B) is unlikely to exeed ∼10% of the gross signal, even
in relatively poor ases. Nonetheless, to hek this point we
made measurements on the onventional long-slit spetra de-
sribed in Setion 2.4. The omparison of equivalent widths
is made in Fig. 12; agreement is good (although the om-
parison is limited to relatively bright stars).
A small number of the brightest stars in our 2dF sur-
vey are in ommon with the Azzopardi (1987) survey of
Hγ line strengths in SMC supergiants. We ompare our
equivalent widths with his in Fig. 12. Agreement is gen-
erally aeptable, exepting three outliers, for whih our
equivalent widths are notieably greater than his. Two of
those three outliers were inluded in the long-slit observa-
tions (f. Fig. 12), and our measurements suggest that it
is the newer data that are the more reliable. (Azzopardi's
measurements were made on photographi objetive-prism
spetra obtained with a resolving power perhaps half that
of the 2dF observations.)
Although the evidene therefore suggests that our mea-
surements are generally satisfatory, the tendeny for some
equivalent widths to appear `too small' (Figs. 10 and 11)
does leave open the possibilities that Hγ may, in those ases,
be ontaminated by nebular emission at a level too small to
be obvious at our resolution, or that an overorretion for
the bakground signal has been applied. The former issue is
partially addressed by the identiation in Table A1 of stars
assoiated with atalogued nebulosities, and by srutiny of
the Balmer-line spetra (Setion 7.1); and the latter by the
preeding disussion.
6.2.3 Classiation errors?
Sine the mean equivalent width of Hγ varies as a funtion
of spetral subtype at given B magnitude, errors in subtype
assignments ould introdue satter. The satter is notie-
ably large at spetral type A0, where the rate of hange of
Wλ with spetral type is greatest. Late-B stars have sig-
niantly smaller equivalent widths, on average, than the
early-A stars, so late-B stars mislassied as early-A stars
ould explain the tail of `low-Wλ' A0 stars.
To investigate this further, and more generally, we mea-
sured the ratio of Ca K to Hǫ+Ca H using a simple on-
strained gaussian t. The equivalent-width ratio
4
is plotted
against Hγ equivalent width in Fig. 13. There is very good
4
This quantity is losely related to, but not the same as, the
K/H ratio used in the visual lassiations. There is reasonable,
separation between A- and B-type stars, exept for the A0
stars, whih in this plane are mingled with both earlier and
later types. In eet, for both B-type and A0 stars the K/H
ratio is just `small', while the Hγ equivalent width is inu-
ened by luminosity as muh as by temperature.
The primary riterion for resolving the B9/A0 ambi-
guity is the presene of He i λ4471 in the earlier type. A
plausible explanation of the satter in Wλ, at A0 in partiu-
lar, is, therefore, that B9 spetra have been mislassied in
poor-quality spetra with S/N too low to allow the helium
line (weak at this subtype) to be identied. An attempt to
improve A0B9 separation using automated measurements
of 4471/4481 proved fruitless, beause of the low S/N of the
data. Outliers in the WλB plane were therefore identied
and the spetra re-inspeted for evidene of any anomalies.
For the earlier spetral types, an anomalous position in this
plane orrelates with Balmer-line emission (stellar or neb-
ular); and at later types, stars with emission are also dis-
plaed. However, most mid- to late-A outliers appear unex-
eptional (other than in respet of their Balmer-line weak-
ness) at our dispersion and signal-to-noise.
A further possibility is that unresolved ompanions may
ause or exaerbate the spread in the WλB plane. This
must be a fator at some level, but omparison of the Hγ
equivalent widths (at a given spetral type) for luster mem-
bers and eld stars reveals no greater dispersion for the for-
mer, suh as might be expeted if blends were important.
Furthermore, any lose binary ompanions to BA giants and
supergiants are not expeted to be signiant ontamina-
tors of the optial spetra, in general. We onlude that
the dispersion in Wλ most probably arises primarily from
a ombination of measurement errors, unresolved nebular
emission, and minor lassiation errors, with astrophysial
eets (suh as multipliity and intrinsi emission) as se-
ondary ontributors.
7 OBJECTS OF SPECIAL INTEREST
7.1 Balmer-emission statistis
The blue-region spetra at our disposal are, for the most
part, inadequate to distinguish reliably between any intrinsi
narrow Balmer emission and nebular emission. Nonetheless,
in a number of ases resolved or strutured Balmer emission
is identiable. As a rough guide to objets likely to be of in-
terest, we therefore ategorized all observed Balmer lines as
showing absorption; narrow (i.e., unresolved, probably neb-
ular) emission; resolved emission; double-peaked emission;
or P-Cygni proles.
Stars were ategorized rather onservatively (i.e., only
reasonably denite ases were ategorized as `resolved'
rather than `narrow', or as `double' rather than `resolved').
Eah Balmer line was ategorized independently for eah
star (4161 targets have Hγ observed, 2095 Hβ, and 1091
Hα). After reviewing a handful of anomalies (and onse-
quently revising Hγ `r?' to `n'), all stars having red spetra
and showing intrinsi Hβ emission (or suspeted intrinsi
though not perfet, separation of individual A subtypes in this
plane.
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Figure 12. Comparison of Hγ equivalent widths measured in 2dF and RGO spetra, and by Azzopardi (1987). The irled points in
eah panel show measurements for the same two stars, AzV 401 and 431; the agreement between 2dF and RGO measurements suggest
that it is Azzopardi's measurements that are disrepant for these two stars.
Figure 13. Ratio of Ca K to Hǫ+Ca H as a funtion of Hγ equivalent width (in Å). The diagonal line is drawn `by hand' to separate
stars lassied as B (solid blak irles, lower left) from those lassied as A2A7; these two groups are well separated in this plane. The
displaed inset shows the A0 stars. The irled points are the possible `omposite-spetrum' stars (Setion 7.4).
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Table 7. Numbers of stars by spetral type from the APM- and UIT-seleted samples. In the latter ase, totals are given for both the
pure UIT-seleted sample and (in square brakets) other UIT targets whih were mathed in the 2dF atalogue. `Em' lists the perentage
of stars that show emission at Hα in eah spetral bin (Setion 7.1). `AF' is used for the possible `omposite-spetrum' stars (Setion 7.4).
Spetral APM UIT Total Em.
Type N % N % N % N %
O+W 121+1 3 18 17 [21+1℄ 6 139+1 20
B<5 2454 61 72 67 [274℄ 79 2526 26
B≥5 327 8 9 8 [30℄ 9 336 14
A<5 593 15 7 7 [17℄ 5 600 2
A≥5(+`AF') 233+19 6 0+1 1 [1+2℄ 0 223+20 4
FG 306 8 0 0 [1℄ 1 306 0
Total 4054 107 347 4161
emission) also show Hα emission, and all stars showing in-
trinsi Hγ emission show Hβ and Hα emission, where data
exist.
A hundred and ninety-seven stars with usable red-
region 2dF spetra (18%) show intrinsi Hα emission of some
sort; 161 stars with Hβ spetra (8%) show Hβ emission;
and 154 stars (4%) show Hγ emission. The targets for the
red-region spetra were biassed towards objets with `inter-
esting' blue spetra; orreting for this bias, ∼14% of stars
in the input atalogue show Hα emission. To a good ap-
proximation, in our data Hα is twie as eetive as Hβ in
dislosing intrinsi Balmer emission, and Hγ half as eetive.
In the majority of ases (∼80%), blue-region Balmer
emission onsists of resolved (or marginally resolved), undis-
plaed (or only moderately displaed) narrow emission,
without obvious emission in any other lines. Emission fea-
tures in the Hα spetra are invariably substantially broader,
or learly strutured. Table 7 inludes a summary of the dis-
tribution of Balmer emission by spetral type, peaking at
early B.
7.2 Be-type spetra
BA stars reliably exhibiting double-peaked emission in at
least one Balmer line (or suspeted double-peaked Hβ a-
ompanied by Hα emission) are listed in Table 8, and illus-
trative spetra are shown in Fig. 14. The stars with double-
peaked emission show a spread in absolute magnitude from
M(B) ≃ −5 to the uto of our survey (M(B) ≃ −1), with
a mode of about M(B) ≃ −3, and are lassied (usually
rather oarsely) as early B, and so are likely to represent
the bright tail of the distribution of lassial Be stars, if
we adopt the Hipparos-based absolute-magnitude sale for
Galati Be stars given by Wegner (2000). Beause of their
relative brightness, these 2dF stars are attrative targets
for, e.g., investigation of short-term line-prole variability
(f. Baade et al. 2002).
Enouraged by our referee, we have also listed stars
whose spetra display single-peaked, resolved emission at
either Hα or Hβ as `Be'-type in Table A1. Many or most
of these stars may be lassial Be stars, but our primary
motivation in adding the `e' sux to the atalogue spe-
tral types is to alert users to the qualifying supplementary
emission-line information.
None of the stars in Table 8 have been expliitly
identied as Be stars in the literature, but several other
previously known objets are inluded in the 2dF at-
alogue: one from the sample of Be stars studied by
Hummel et al. (1999), 2dFS#1115 (NGC 330 KWB Be 258,
Grebel 9), and a further four potential Be stars listed by
Keller, Wood & Bessell (1999): 2dFS#1077=KWB Be 278;
#1087=522; #1277=122; and #1326=355. Of these ve
stars, 2dFS#1077 and #1277 show marginally resolved (i.e.,
broadened) emission at Hγ (only 2dFS#1326 has Hβ ob-
served), while 2dFS#1277 and #1326 have red spetra, both
showing strong, single-peaked Hα emission.
7.3 B[e℄ stars
2dFS#2837 has previously been atalogued as LHA 115-
N82, Lin 495, and MA93-1750 (Henize 1956; Lindsay 1961;
Meyssonnier & Azzopardi 1993), and was reported as a B[e℄
star by Heydari-Malayeri (1990). It is the only previously
reported B[e℄ star in our sample. We observed it in 1998 with
2dF, and again in 2001 with the RGO spetrograph. The two
spetra are indistinguishable (the RGO spetrum is shown
in Fig. 17), and similar to that shown by Heydari-Malayeri
if allowane is made for the dierenes in resolution.
The only other star in the 2dF dataset that shows sim-
iliarities to #2837, and in partiular the same Fe [ii℄ emis-
sion lines, is 2dFS#1804. Unfortunately, we have only a sin-
gle, blue-region, observation of this star (Fig. 17), but, like
#2837, it has been repeatedly atalogued as an Hα emis-
sion objet: LHA115-S38, Lin 418, MA93-1405 (Henize 1956;
Lindsay 1961; Meyssonnier & Azzopardi 1993). This rela-
tively bright star (B ≃ 14.0) is learly worthy of further
study.
7.4 Composite-spetrum targets
Our examination of eighteen of the 2dF spetra indiated an
∼A-type lassiation from Ca K, while other metal lines
(inluding the G band) suggested spetral type ∼F. These
targets form a distint group in the SMC survey; the spetra
are superially suggestive of Galati Am stars in several
ases, but lassial Am stars would be too faint to feature in
our survey. Our targets are unlikely to be foreground objets,
both beause of the observed radial veloities and beause
the surfae density is implausibly high. We also provisionally
rule out ontamination by the solar (i.e., twilight or bright-
moon) spetrum; most of these stars were observed in dark
skies when the moon was below the horizon (and similar
features are not seen in any B-star targets).
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Figure 14. Spetra of seleted Be stars. Eah spetrum is vertially oset by 1.0 ontinuum units. The luminosity lasses assigned to
these stars should be regarded with aution, as Balmer-line emission is liable to result in a `too bright' lassiation with our `hybrid'
methodology (Setion 3.2.2).
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Table 8. Presumed lassial Be stars: B stars showing double-peaked emission in the Balmer lines. The last three olumns enode the
spetral appearane in Hγ, Hβ, and Hα. Here `a' means absorption, `n' means narrow (possibly nebular) emission, `r' means resolved
(though narrow) emission, `d' means double-peaked emission, and `e' means broad single-peaked emission. The luminosity lasses assigned
to these stars should be regarded with aution, as Balmer-line emission is likely to result in a `too bright' lassiation with our `hybrid'
methodology (Setion 3.2.2).
2dFS Other B Sp. Balmer
0080 17.18 B05 (V)e γa βd
0113 15.64 B12 (III)e γa βd
0306 14.35 B05 (II)e γa? βd
0922 16.00 B05 (V)e γd? βd
1306 16.62 B05 (IV)e γa αd
1496 MA93-1216 15.77 B0.5 (V)e γd? αe
1551 16.51 B05 (IV)e γa αd
1558 17.44 B05 (V)e γa βd
1932 MA93-1490 15.32 B15 (III)e γa βa αd
2043 MA93-1539 15.99 B15 (III)e γa βd αd
2196 16.21 B05 (IV)e γa βa αd
2267 MA93-1621 15.84 B15 (III)e γd? αd
2316 AzV 422, MA93-1637 13.97 B15 (II)e γa βd
2360 16.96 B05 (V)e γa βd
2598 MA93-1707 16.25 B15 (III)e γa αd
2613 MA93-1711 15.65 B05 (III)e γa βd? αd
2786 17.53 B15 (V)e γa αd
2794 15.02 B15 (II)e γa βa αd
2802 15.66 B05 (III)e γn βr αd
2971 MA93-1775 15.83 B15 (III)e γa βd αe
2986 15.07 B13 (III)e γa βa αd
3087 MA93-1813 15.78 B13 (III)e γd βd αd
3325 16.07 B05 (IV)e γa αd
3413 MA93-1868 14.96 B5 (II)e γa βd αd
3426 MA93-1871 16.15 B05 (III)e γa βd
3436 15.93 B15 (III)e γa βd? αd
3479 MA93-1881 15.82 B15 (III)e γa αd
3512 MA93-1886 14.82 B3 (II)e γa αd
3573 MA93-1894 15.88 B13 (III)e γr αd
3628 14.67 B13 (II)e γd? αe
3716 14.97 B15 (II)e γa αd
3730 16.99 B05 (V)e γd? βd
3795 15.15 B13 (III)e γr? αd
3825 15.19 B0 (IV)e γa βd αe
3928 15.36 B15 (II)e γd? βd
3970 15.48 B15 (III)e γa βd αd
3998 15.49 B05 (III)e γa αd
4021 15.49 B15 (III)e γa βd? αd
We onlude that many of these observations may rep-
resent omposite spetra. The rate of inidene is O(1%),
similar to Galati values, but these annot be exat oun-
terparts of Galati omposite-spetrum systems, whih typ-
ially onsist of a near-main-sequene A star with a G giant;
our targets are somewhat more luminous. They are, however,
`too blue' in (U−B) and/or `too red' in (B−V ) for the most
part (Fig. 15), onsistent with a generi omposite-spetrum
intepretation. Unfortunately, the photometri anomalies are
not suiently lear-ut for these stars to be uniquely or
unambiguously identiable from olours alone. In the H/K
plane (Fig. 13) these stars are also outliers, falling at the
small Wλ(Hγ) end of the A-star distribution (whih ould,
however, be onstrued as a onsequene of inorret bak-
ground subtration).
R.O. Gray has extensive experiene with spetral las-
siation in the relevant part of the HRD (e.g., Gray et al.
2001), and very kindly volunteered to examine some of these
spetra. He was able to re-interpret three of the targets as
having spetra similar to normal or near-normal Galati
F-type stars, within bounds of the data quality (although
the radial veloities argue against this interpretation), but
onrmed apparent abnormalities in several other ases. We
have no repeat spetrosopy for any of these stars, and so
are unable to rule out some instrumental, rather than astro-
physial, peuliarity; attempts to obtain new spetra were
thwarted by bad weather. Good-quality, long-slit spetra of
just one or two of these targets ould go a long way towards
larifying their true nature.
7.5 The `Anomalous A supergiants'
Following earlier work on LMC stars by Sanduleak (1972)
and Fehrenbah & Duot (1972), Azzopardi (1982) and
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Figure 16. 2dF SMC spetra  VI: Examples of possible omposite-spetrum targets. Stars are identied by 2dFS atalogue number.
Suessive spetra are vertially oset by one ontinuum unit.
Humphreys (1983) noted a population of `anomalous A-type
supergiants' in the SMC, haraterized by unusually large
Balmer-line strengths and red (U −B) olours. In our sam-
ple (for whih the great majority of targets are substantially
fainter and less luminous that those studied by Azzopardi
and by Humphreys) there is very little evidene for any stars
having these harateristis (f. Figs. 10, 11, and 15).
We have only two targets among those listed by
Humphreys (1983, her Table 1C) as anomalous: Sk 1
(2dFS#0109) and AzV 72 (Sk 37, 2dFS#0765). Our las-
siations (A0 (Ia) and B8 (Iab), respetively) are in ex-
ellent agreement with hers (A0 I and B8 I), but neither
star is exeptional in the WλB plane in the ontext of our
dataset
5
(Figs 10 and 11). This is onsistent with an unpub-
lished study by E.L. Fitzpatrik (personal ommuniation),
5
For AzV 72 we have only APM photometry: B = 12.43.
Azzopardi & Vigneau (1975) and Ardeberg (1980) report onor-
dant UBV measurements giving a somewhat fainter B ≃ 12.88,
strengthening the normality of this star in the WλB plane.
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Figure 15. The two-olour diagram for late-B, A, and F
stars, based on photometry from Massey (2002). The possible
`omposite-spetrum' stars (Setion 7.4) are shown as irled dots,
and apparently normal A stars in a dierent shade to the BF stars.
in whih he argues, persuasively in our view, that many
reported anomalies in Magellani Cloud A supergiants an
be attributed to the lak of a proper referene framework
of normal stars at Cloud metalliities (f. Lennon 1997 for
a related ritique of metal-line luminosity lassiation of
SMC B-type supergiants).
Humphreys, Kudritzki & Groth (1991) proposed a
physial explanation for the strength of the Balmer lines
in the supposedly anomalous stars. They suggested that
these stars are post-red-supergiants, with enhaned surfae
helium abundanes leading to inreased atmospheri pres-
sure at given temperature. By itself, this is a plausible argu-
ment, but standard evolutionary models suggest that post-
red-supergiant BA supergiants should have around half the
mass of pre-red-supergiants at the same luminosity and Teff .
The redution in log g would be expeted to lead to redued
Balmer-line strengths (whih may be a ontributory fator
to the small-Wλ stars in our sample).
7.6 The UIT targets
Classiations for the 107 UIT-seleted targets are sum-
marised in Table 7. As for the main atalogue, roughly three-
quarters of the sample are B-type stars, but the UV-seleted
sample is unontaminated by FG stars, and features a muh
smaller proportion of A-type stars than the APM, (B−R)-
seleted sample. We also searhed the main APM atalogue
for UIT stars. There are 347 mathes with separations of less
than 2
′′
(p. 386 for 5
′′
, 223 for 1.2
′′
), and the distribution
of spetral types losely mathes that of the UIT-seleted
sample (Table 7), albeit with somewhat smaller fration of
O stars.
Parker (2002) disusses whether there was a hitherto
undisovered population of early-type eld stars in the
Clouds, well away from obvious OB assoiations. The UIT-
seleted sample is learly more eient in identifying andi-
date O-type stars than is using the APM data as an input
atalogue. However, the UV-seleted sample does not appear
to reveal a new and distint O-star population; a signiant
majority of the UIT targets observed with 2dF are early-B-
type stars.
7.7 Individual objets
7.7.1 2dFS#0936
The spetrum of star #0936 has narrow, strong He II λ4686
emission with an equivalent width of −3.5Å (± 0.2), and
weaker N III and C III lines (see Fig. 17). The spetrum
is lassied here as O6.5 f?p, a ategory rst introdued
by Walborn (1972). The prinipal dening harateristi of
Of?p stars is C III λ4647-50-51 emission omparable in in-
tensity to N III λ4634-40-42, although the relative intensities
of N III, C III and He II emission vary signiantly in several
well observed examples (Naze´ et al. 2001; Walborn et al.
2003). Aside from the weaker C III emission, the spetrum
of #0936 is similar to that of AzV 220 (Walborn et al.
2000); in ommon with AzV 220, #0936 is too faint (with
M(B) ≃ −5.0) for a `normal' supergiant, when ompared
to the alibration given by Walborn (1973). The spetrum
also displays Balmer emission (unresolved at Hγ), the ori-
gins of whih are not lear; the star is in H35 (Hodge 1985),
whih Bia & Shmitt (1995) list as type AN  an assoia-
tion whih shows some traes of H ii emission.
Further observations of this star would be useful to
distinguish between intrinsi and nebular emission, and to
monitor for spetral variations. In the ourse of their survey
for WR stars, Massey & Duy (2001) observed 2dFS#0936
(their Anon-1), assigning a spetral type of O5 f?p. The
2dF spetrum (whih has greater wavelength overage) is
not onsistent with this lassiation, sine He I λ4026 is
stronger than He II λ4200. At the urrent time it is unlear
whether this dierene is attributable to dierenes in data
quality or to intrinsi spetral variability.
7.7.2 2dFS#0999: SMC-WR 9
Star 2dFS#0999 (Fig. 17) was the ninth Wolf-Rayet (WR)
star disovered in the SMC (Morgan, Vassiliadis & Dopita
1991). The strong N V emission, in ombination with an ab-
sene of N IV, gives the WN2.5 type (van der Huht 1996),
and the absorption omponent is onsistent with an O3 om-
panion, based on the absene of He I λ4471. The spetrum
has previously been lassied as WN2.5+O5: (Morgan et al.
1991) and WN3+O34 (Massey & Duy 2001). The 2dF
spetrum has resolution omparable to Morgan's data, and
a omparison shows the N V to He II λ4686 ratio has appar-
ently inreased.
7.7.3 2dFS#3235: AzV 490/Sk 160
The 2dF spetrum of 2dFS#3235 (AzV 490; Sk 160 in
the atalogue of Sanduleak 1968) shows strong He II emis-
sion at λ4686. This is the optial ounterpart of SMC X-
1. The optial spetrum has long been known to be vari-
able (e.g., Osmer & Hiltner 1974), and our RGO spetrum
shows dierenes from the 2dF spetrum (e.g., He ii λ4686
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Figure 17. Objets of partiular interest, identied by 2dFS number; see Setions 7.3 and 7.7 for a disussion of the spetra shown.
Tikmarks on the y axis are every 1.0 ontinuum units.
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double-peaked in the former, single-peaked in the latter).
Our 2dF spetrum is very similar to that of HDE 269896
in the LMC, lassied as ON9.7 Ia+ (Walborn 1977,
Walborn & Fitzpatrik 1990).
7.7.4 2dFS#3472; #2073, #2423
2dFS#3472 (A3 Ia) is an emission-line objet, previously
atalogued as Lin 530 and MA93-1879 (Lindsay 1961;
Meyssonnier & Azzopardi 1993). RGO (Hα) and 2dF (blue-
region) spetra are shown in Fig. 17. Although Balmer-line
emission is not partiularly rare in luminous Galati A su-
pergiants, the P-Cygni Hα line in 2dFS#3472 is exeption-
ally strong, with an emission equivalent width of ∼40Å.
2dFS#2423 (A0 (Ib)) is the only other A-type star in
our atalogue showing lear P-Cygni emission at Hβ, albeit
rather weaker than in #3472, while 2dFS#2073 (A3 Ia)
shows probable P-Cygni emission at Hγ, together with
strong Hα P-Cygni emission (Fig. 17).
7.7.5 2dFS#3975: Sk 190
The spetrum of star #3975 (Fig. 17) is lassied here as
O8n(f)p. The primary requirement for membership of this
lass is a omposite emission and absorption struture in the
He II λ4686 line (Walborn 1973). The 2dF spetrum was
both noisy and near the edge of the engineering-grade hip
in the 1998 observations, introduing assorted osmeti fea-
tures; subsequent observation with the RGO spetrograph
onrmed the lassiation. This is only the seond Onfp
spetrum seen in the SMC, after AzV 80 (Walborn et al.
2000). Sk 190 has previously been lassied as O8 Iaf
(Massey 2002), suggesting the possibility of time variabil-
ity in the intensity and morphology of the He II λ4686 line.
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APPENDIX A: CATALOGUE DESCRIPTION
The full atalogue of spetral types for the 2dF sam-
ple is available eletronially through the on-line edition
of Monthly Noties, and at the Centre de Données as-
tronomiques de Strasbourg (CDS
6
). The data are assembled
in two tables, one ontaining the basi observational data
from the spetrosopi survey, and one ontaining ross-
identiations.
Table A1 shows an extrat from the data atalogue, to
illustrate the format. For onveniene, we assign a 4-digit
2dFS number to eah star; entries 14054 are the main,
APM-seleted, targets, sorted by RA, and entries 5001
5107 are the UIT-seleted targets, separately sorted by RA.
There are no atalogue entries 40555000. For eah entry
we give the adopted o-ordinates and B magnitude (Se-
tion 5.4.2). Co-ordinates are quoted from the soures used
for spetrograph bre onguration, i.e., APM for 2dFS en-
tries 14054, OGLE for entries 50015107 (f. Harries et al.
2003). We then list the adopted 2dF spetral type, and notes
on Balmer-line emission for Hα, Hβ, and Hγ, as available
(Setion 7.1). The overall distribution of spetral types is
summarized in Table 7. Note that the luminosity lasses for
the A0 and B-type stars are given in parentheses, to reet
the fat that they are not based solely on morphologial
onsiderations and therefore are not strit `MK' types.
The supplementary atalogue of ross-identiations
inludes full photometri results from Massey, OGLE,
and MCPS (Setion 5), and ross-identiations with the
UIT, Sanduleak, AzV, and MA93 atalogues (Cornett et al.
1997; Sanduleak 1968, 1972; Azzopardi & Vigneau 1982;
Meyssonnier & Azzopardi 1993). The atalogue also in-
ludes pertinent information from the atalogue of SMC
6
ftp://dsar.u-strasbg.fr/pub/ats/J/MNRAS/XXX/YYY
lusters by Bia & Dutra (2000), whih is, essentially,
the atalogue of Bia & Shmitt (1995), with the in-
lusion of new lusters identied in the OGLE survey
(Pietrzynski et al. 1998). Our purpose in inluding this in-
formation is to provide an indiation of whether a given star
is likely to be a luster or assoiation member, or a eld star
(relevant to the interpretation of the HRD).
There are 49 Sk stars mathed in the 2dFS atalogue,
172 AzV stars, 219 MA93 stars, and 454 UIT stars (inluding
107 UIT-seleted targets). These orrespondenes are to be
understood to be simply positional mathes for the photo-
metri, UIT, and MA93 atalogues (whih list o-ordinates
to the nearest arseond or better), but are atual ross-
identiations for the Sk and AzV atalogues, using pub-
lished nder harts.
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Table A1. An illustrative setion of the on-line 2dF atalogue. Soures of adopted B magnitudes are APM, Massey, OGLE, and Zaritsky
(oded A, M, O, Z; see Setion 5.4.2). The `Balmer notes' summarize lines in blue (B: g=Hγ, b=Hβ) and red (R: Hα) spetra, oded as
a (absorption); n (narrow [nebular?℄ emission); r (resolved [but narrow℄ emission); d (double-peaked emission); p (P-Cyg prole).
2dFS# α (J2000) δ (J2000) B Soure Spetral type Balmer notes
0600 00 46 23.13 −72 50 17.4 16.36 O A3 II B[ga℄ R[n℄
0601 00 46 28.15 −72 52 23.3 16.63 O B8 (III) B[ga bn℄
0602 00 46 28.40 −73 27 43.0 15.15 Z B15 (II) B[gn℄ R[n℄
0603 00 46 30.53 −72 26 58.4 16.84 Z B15 (IV) B[ga℄
0604 00 46 32.90 −72 25 16.8 16.53 Z B0.5 (V) B[ga℄
0605 00 46 33.08 −72 10 39.3 16.86 Z B05 (V) B[ga℄
0606 00 46 33.47 −73 39 25.8 13.34 M B8 (Ib) B[ga ba℄
0607 00 46 33.86 −73 53 04.7 17.60 Z B05 (V) B[ga ba℄
0608 00 46 35.12 −72 56 04.2 15.93 O B3 (III) B[ga ba℄
0609 00 46 38.10 −73 55 13.7 14.31 Z B0.5 (IV) B[ga℄
0610 00 46 40.19 −73 31 16.9 14.17 Z O78 V B[gn bn℄
0611 00 46 41.70 −74 00 49.0 17.11 Z B05 (V) B[gn bn℄
0612 00 46 43.21 −73 28 03.4 16.46 O B15 (III) B[ga bn℄ R[n℄
0613 00 46 46.20 −73 41 13.2 16.35 Z B15 (III) B[ga℄
0614 00 46 47.00 −73 58 29.7 17.42 Z A3 II B[ga ba℄
0615 00 46 47.38 −72 33 46.7 17.37 Z F8 B[g ℄
0616 00 46 47.72 −72 58 43.8 17.10 Z B05 (V) B[ga℄ R[n℄
0617 00 46 48.07 −73 57 10.6 16.88 Z A2 III B[ga ba℄
0618 00 46 48.95 −73 30 37.3 16.66 O B8A0 (II) B[gn bn℄
0619 00 46 50.81 −72 17 10.9 15.78 Z B05 (II) B[gr℄
0620 00 46 50.88 −73 55 21.5 14.57 Z B2 (III) B[ga℄
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